APPENDIX D
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D. RADIATION DOSE AND RISK ASSESSMENTS

This appendix describes the analysis of potential health impacts from the licensee’s proposed
action to conduct surface reclamation of its Gore, Oklahoma, site and alternatives to the
proposed action. This appendix contains two major sections—a discussion of the residual
contamination present at the Sequoyah Fuels Corporation (SFC) site (Section D.1); and the
radiation dose and risk modeling for workers and members of the public (Section D.2).

D.1 Residual Contamination

Table D-1 lists the six areas on the SFC site that are contaminated with radioactive materials.
SFC had already completed remediation activities on contamination in two additional areas,
Areas 7 and 8, before development of this EIS; therefore, this analysis did not consider those
areas (Camper, 2000). Table D-2 lists the surface area and depth of each contaminated area.
The analysis used the monitoring and sampling data that Roberts/Schnorinick collected at the
SFC site (RSA, 1996) to determine the level of contamination in each of the six areas and soil
source terms for contiguous areas of relatively homogeneous contamination. In addition, RSA
identified subareas of specific contamination that are dissimilar to the homogeneous soil source
term for the contaminated area. Based on the evaluation of soil contamination data, the staff of
the U.S. Nuclear Regulatory Commission (NRC) determined that the constituents of concern
(COC) are arsenic, fluoride, nitrate, and uranium. The NRC staff made this determination based
on the concentrations and potential environmental impacts of the contaminants. In addition,
NRC staff included thorium-230 and radium-226 to enable a more complete evaluation of
potential radiation doses. Table D-3 summarizes the COC concentrations at the SFC site and
provides overall average concentrations of the radioactive constituents in units of becquerels
(picocuries) per gram.

Table D-1 Contaminated Areas on the SFC Site

Contaminated

Area Description
1 Fluoride Clarifier, two Fluoride Settling Basins, Fluoride Holding Basin
No. 1, four Fluoride Sludge Burial Areas
2 Four Clarifier A Basins, Pond 1 and 2, Spoils Pile, Former Raffinate
Treatment Area, Former BaCl Mixing Area, Centrifuge Building, Injection
Well
3 Main Process Building, Solvent Waste Building, Emergency Basin,

Sanitary Lagoon, North Ditch, Incinerator, Solid Waste Building, South
Yellow Cake Sump, Yellow Cake Storage Pad, Combination Stream,
Present Lime Neutralization Area, Sanitary Sewer, Line, North Tank Farm,
South Tank Farm, Cooling Tower, ADU/Miscellaneous Digestion Bldg.,
Bechtel Storage Building, Oil Storage Building, RCC Evaporator

4 Two Solid Waste Burial Areas, Interim Storage Cell, Scrap Metal Storage
Area

5 Four Fertilizer Storage Ponds, Fertilizer Loadout Area, Pond 4

6 Fluoride Holding Basin No. 2

Source: SFC, 1998.



Table D-2

Size of Contaminated Areas

Contaminated Area Surface Area (m°) Soil Depth (m)
1 — No Data from the Source N/A N/A
2 — Soils 26,110 1.0
Pond 2 18,835 2.6
Clarifiers 12,030 1.5
3 - Soils 26,110 15
North Ditch 1,212 0.5
Emergency Basin 3,542 0.1
Sanitary Lagoon 2,883 0.2
10a Source 10 1.0
4 — Soils 21,500 1.5
5 — Soils 18,950 1.5
6— Soils 1,160 15
Sludges 3,340 1.6

Source: RSA, 1996.
N/A- Not Available.

Table D-3 Existing Contamination Concentrations by Contaminated Area

Thorium- | Radium
Uranium 230 -226
Arsenic|Fluoride| Nitrate |Uranium| Bqg/g Ba/g Ba/g
Contaminated Area |(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (pCi/g) (pCilg) (pCilg)
1 - Soils 5 460 55.7 26.5 0.37 0.13 0.0054
(10) (3.5) (0.2)
Sludges 133 | 31,800 205 460 0.63 6.9 0.011
(173) (186) (0.3)
2 — Soils 5 529 507.7 15.0 0.21 1.8 0.77
(5.6) (49.7) (2.1)
Pond 2 - 1,640 | 5,450 607 4.4 72 2.5
(118) (1,950) (66.3)
Clarifiers 1,350 | 33,100 | 27,300 | 15,900 221 756 12
(5,978) (20,400) (317)
3 — Soils - 572 65.4 424 59 2.1 0.11
(159) (56) (2.92)
North Ditch 375 9,100 510 17,600 245 86 4.4
(6,618) (2,320) (120)
Emergency Basin 97.5 6,840 24.9 7,470 104 103 9.1
(2,809) (2,785) (245)
Sanitary Lagoon 440 2,680 228 24,300 338 14 0.25
(9,137) (384) (6.7)
10a Source - 1,050 2.4 3,970 55 19 1
(1,493) (525) (27)
4— Soils 5 396 36 432.6 6 1.1 0.037
(163) (28.8) (0.99)




Table D-3 Existing Contamination Concentrations by Contaminated Area

Thorium- | Radium

Uranium 230 -226

Arsenic|Fluoride| Nitrate |Uranium| Bqg/g Bq/g Bq/g

Contaminated Area |[(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (pCi/g) (pCilg) (pCilg)
5- Soils 5 258 4.4 10.7 0.15 0.85 0.67
(4) (2.3) (1.8)

6- Soils 18.5 507 45.5 22.9 0.32 0.11 0.0074
(8.6) (3.0) 0.2)

Sludges 7.3 39,900 242 1,280 18 7 0.59
(481) (190) (1.6)

Overall Average N/A N/A N/A 5,180 |72 (1,940)| 76 (2,063) | 2.6 (71)

Source: RSA, 1996.
N/A- Not Available

D.2 Radiation Dose and Risk Modeling
The analysis for this EIS considered the following potential public and occupational impacts:

e Radiation doses and risks for members of the public during reclamation. The NRC staff con-
sidered the affected population to be that within 80 kilometers (50 miles) of the SFC facility;
the primary exposure pathway would be from radioactive material suspended in the air from
reclamation operations.

e Long-term doses and risks for individuals who inhabit the site. Because of the long half-lives
of the radioactive materials at SFC, it may be possible that individuals could potentially in-
habit both the unrestricted and restricted portions of the site if loss of institutional controls or
license conditions occurs, depending on the alternative.

e Potential impacts on radiation workers during reclamation for the average and maximally ex-
posed workers and the average collective workforce.

e Impacts on workers during institutional controls for average workers.
e Exposures to hazardous chemicals.
e Fatalities and injuries in the workforce during reclamation activities.

No high-energy sources (e.g., explosives or nuclear fuel) capable of driving off-site releases that
could lead to criticality accidents would be involved during reclamation, unlike normal facility
operations; therefore, there would be little potential for off-site consequences from accidents
during reclamation. This analysis of public health impacts concluded that the impacts for
transportation of radioactive wastes off the site would bound those from any on-site accidents.
Therefore, this analysis did not consider accidents during on-site reclamation activities that could
involve off-site members of the public.

Title 10, “Energy,” of the U.S. Code of Federal Regulations (CFR), Part 20 (10 CFR Part 20),
contains the regulations that govern reclamation of the SFC facility and remediation of the site
before license termination. This regulation provides the regulatory limits for occupational doses
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and radiation dose for individual members of the off-site public. For occupational doses, 10
CFR 8 20.1201 states that licensees must limit the occupational dose to individual adults to an
annual limit based on the more limiting of:

e The total effective dose equivalent (TEDE) being equal to 0.05 sievert (5 rem), or

e The sum of the deep dose equivalent and the committed dose equivalent to any individual
organ or tissue other than the lens of the eye being equal to 0.5 sievert (50 rem).

The annual limits to the lens of the eye, to the skin of the whole body, and to the skin of the
extremities are:

e A lens dose equivalent of 0.15 sievert (15 rem).
e A shallow-dose equivalent of 0.5 sievert (50 rem) to the skin of the whole body.
e A shallow-dose equivalent of 0.5 sievert (50 rem) to the skin of any extremity.

In addition to the annual occupational dose limits, 10 CFR § 20.1201 limits the soluble uranium
intake by an individual to 10 milligrams in a week because of chemical toxicity.

For members of the public during reclamation, and for industrial workers during long-term
maintenance periods who are assumed to be members of the public, the regulation provides an
explicit TEDE limit of 1.0 millisievert (100 millirem) per year from all sources. This limit
includes both internal and external doses through all pathways, including food, as required by
specific exposure scenarios. External dose rates cannot exceed 0.02 millisievert (2 millirem) in
any 1 hour. Further, the standards in 10 CFR 8§ 20.1101 and 40 CFR Part 190 would be generally
applicable during reclamation; 40 CFR Part 190 requires that routine releases from uranium fuel-
cycle facilities to the general environment do not result in annual doses above 0.25 millisievert
(25 millirem) to the whole body, 0.75 millisievert (75 millirem) to the thyroid, and 0.25
millisievert (25 millirem) to any other organ.

For alternatives that would result in unrestricted release of the site, doses to members of the
public are limited by determining the cleanup levels (CLs) using the benchmark dose approach in
10 CFR Part 40, Appendix A. As described in Section D.2.1.3, the analysis based the CLs on a
fraction of the benchmark dose for radium of 0.54 millisievert (54 millirem) per year.

The following sections present the methods, models, and data the analysis used to estimate
potential public and occupational health impacts. Section D.2.1 discusses the impacts from on-
site disposal of only contaminated materials (Alternative 1, which is the proposed action);
Section D.2.2 addresses off-site disposal of all contaminated materials (Alternative 2); Section
D.2.3 addresses partial off-site disposal of contaminated materials (Alternative 3); and Section
D.2.4 addresses the impacts of the no-action alternative.



D.2.1 Alternative 1: On-site Disposal of Contaminated Materials (the Licensee’s Proposed
Action) — Doses to Members of the Public

SFC proposes to decontaminate, dismantle, and decommission its licensed activities at its site
near Gore, Oklahoma. The facility was a chemical plant that converted uranium ore concentrate
(yellowcake) to UFs and depleted UFs to depleted UF,. SFC’s proposed action is on-site
disposal of all contaminated materials (Alternative 1). For Alternative 1, SFC would place
contaminated soils and other sources (building rubble, sludge, residue, and sediment) with
concentrations that exceeded the Derived Concentration Guideline Levels (DCGLSs) within an
institutional control boundary (ICB) in an on-site disposal cell. The estimated concentrations of
specific radionuclides are provided in Table D-4. SFC proposes to maintain all contaminated
areas within a restricted area. The above-grade disposal cell would cover about 4 hectares (10
acres). The ICB would restrict unauthorized personnel access to the area. SFC would design the
engineered disposal cell to comply with the NRC performance standards, which are outlined in
Appendix A of 10 CFR Part 40.

Table D-4 On-site Disposal Material Summar

Natural
Uranium Radium-226 | Thorium-230
Ba/g Bq/g Bq/g
Layer Description (pCilg) (pCilg) (pCilg)
A |Sludge and Sediment 13-448 0.22-12 7.8-604
(17-587) (0.29-16) (10-791)
B |Liner Soils and Subsoils 0.19-3.5 0.019-0.78 1.7-2.6
(0.25-4.6) (0.025-1.0) (47-70)
C |Calcium Fluoride 6.2-19 0.0074-0.029 0.078-0.18
Sediments, Debris (8.1-14.5) (0.0084-0.038) (0.10-0.24)
D |Contaminated Site Soils 9.3 - -
(12.2) - -

Source: Reclamation Plan, Attachment E, Table 2.1 (SFC, 2005).

D.2.1.1 Alternative 1: Off-site Public Radiation Doses and Risks during Reclamation

Off-site public exposures would occur because of the atmospheric release of radionuclides in soil
suspended in air. This would occur during the movement of material from the known
contaminated areas to the disposal cell in the ICB. SFC collected off-site air samples during
previous reclamation activities at the site. The determination of potential public doses used these
samples in an inhalation modeling analysis to provide a reasonable basis for the estimation of the
potential off-site public radiation doses for Alternative 1. The analysis used SFC air-monitoring
data from the nearest residence air sampler for the period from 1995 through 1998 (SFC, 2005;
see Table D-5) to estimate inhalation committed effective dose equivalents (CEDESs). The NRC
staff consider this location to be the location of the maximally exposed individual (MEI) in the
public. These estimated inhalation doses range from 0.003 to 0.005 millisievert (0.3 to

0.5 millirem) per year. These doses are a small fraction of the 0.25-millisievert-per-year
(25-millirem-per-year) limit for site operations and are considered to be as low as reasonably
achievable (ALARA). This analysis used 0.005 millisievert (0.5 millirem) per year as the annual
dose to the MEI in the public during reclamation. For comparison, an average individual living
in Oklahoma receives a radiation dose of about 3.6 millisievert (360 millirem) per year from all
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sources (NCRP, 1987). The lifetime doses the MEI would receive during the four-year
reclamation period, and assuming constant off-site public doses over this period, would be about
0.02 millisievert (2 millirem) under Alternative 1.

Table D-5 Inhalation doses (CEDE) at the Nearest
Resident Air-Monitoring Station of SFC

CEDE
Year mSv/yr (mrem/yr)
1995 0.005 (0.5)
1996 0.004 (0.4)
1997 0.003 (0.3)
1998 0.003 (0.3)

Source: SFC, 2005, Table 4-3.
mSv— millisievert; yr— year; mrem— millirem.

The analysis next compared inhalation dose assessments for a similar reclamation project that
involved similar radionuclides and mixtures. Table D-6 lists the Weldon Spring Site reclamation
inhalation dose estimates for 1994 through 1997. The analysis concluded that the Weldon
Spring doses are comparable to those based on air concentration measurements at SFC during
previous reclamation activities, and that they are less than 0.01 millisievert (1 millirem) per year.

Because the estimated public radiation dose rapidly decreases with distance downwind due to
dispersion of the airborne contaminants, the assumption that 1,000 individuals would receive the
MEI dose would bound the total collective population dose. This would equal 0.005 person-
sievert (0.5 person-rem) per year. Again, the analysis assumed that reclamation activities would
occur over a four-year period, so the estimated potential total collective dose to the off-site
population would be 0.02 person-sievert (2 person-rem) for Alternative 1.

Table D-6 Inhalation Doses (CEDE) to the
Hypothetical MEI Member of the Public at the Weldon
Spring Site Remedial Action Project

CEDE
Year mSv/yr (mrem/yr)
1994 0.002 (0.2)
1995 0.002 (0.2)
1996 0.009 (0.9)
1997 0.002 (0.2)

Source: Environmental Report (SFC, 2005), Table 4-4.

The analysis estimated the probabilities of latent

cancer fatalities (LCFs) for members of the public Latent cancer fatalities (LCFs) are

i dose-to-risk conversion factor of 6x10 per potential cancer deaths caused by
us_m_g _a 7 o p exposure to ionizing radiation. They are
m|II|_S|ever.t (6x10° per millirem) for_ memb_ers of the derived and based on scientific
public during the four-year reclamation period. The evaluation of exposed populations,
U.S. Environmental Protection Agency (EPA) including the Japanese survivors of
recommended this factor for the general population of | huclear weapons detonations.

the United States (Eckerman et al., 1999). This factor |_VUItiplying the annual or lifetime




considers all age groups within the population, including infants and children, who are more
sensitive to radiation than adults. Because workers are 18 years of age or older, the analysis used
a separate, smaller dose-to-risk conversion factor for workers, as recommended by the
International Commission on Radiological Protection (ICRP), of 4x107 per millisievert (4x10°’
per millirem) (ICRP, 1990, p. 22).

Table D-7 lists the estimated probabilities of LCFs to the MEI and the off-site collective
population, both for a single year and for the total reclamation period. The estimated total
population probability of an LCF would be low (1.2x107%), and the annual radiation doses would
be within the regulatory limit on annual doses, i.e., less than 0.25 millisievert (25 millirem) per
year; therefore, the significance level of public radiation exposures and risks for reclamation
activities for Alternative 1 would be SMALL.

Table D-7 Estimated Probabilities of LCFs for the MEI and the
Collective Population for Alternative 1

Individual Individual Collective Collective
Annual Risk Lifetime Risk® Annual Risk Lifetime Risk?
3.0x10”7 1.2x10° 3.0x10™ 1.2x10°

% Over the four years of reclamation activities.

D.2.1.2 Alternative 1: Worker Radiation Doses and Risks during Reclamation

The. anaIySIS based the estlr_nates of Derived air concentration (DAC) means the
radiation doses to reclamation workers | concentration of a given radionuclide in air that, if

for Alternative 1 on measured doses to | breathed by the reference person for a working year

workers during the raffinate sludge of 2,000 hours under conditions of light work (at an

dewatering project, a previous inharllatio)n rate Iof 12 cu.bic lr(net?ri [42 cubilcl_fec_et] of air
. - . per hour), results in an intake of the annual limit on

reclamation activity at the SFC site. intake (ALI). The ALl is the derived limit for the

The worker doses from this previous amount of radioactive material taken into the body of

reclamation project will bound the an adult worker that would result in a CEDE of 50

worker doses from other reclamation millisievert (5 rem) per year.

activities since the radionuclide
concentrations were higher than will be encountered for other reclamation activities. Table D-8
summarizes the SFC exposures for the raffinate sludge dewatering project during the second and
third quarters of 2005. The table lists the work activities, external deep dose equivalents, and the
derived air concentration (DAC)-hours of inhalation intake. The DAC is the air concentration of
a specific radionuclide that, if inhaled for a normal work year (2,000 hours), would result in the
occupational dose limit of 50 millisievert (5 rem per year). Table D-8 lists the average doses and
DAC-hours for each quarter, the averages over the two quarters, and the estimated annual
average worker external doses and DAC-hours. The annual average DAC-hours translate into
dose through division of the average DAC-hours by 2,000 hours of exposure in a year and
multiplication by 50 millisievert (5 rem) per year—the basis of the DAC calculation. The
maximum annual worker dose would be for the Press Washdown work activity.



Table D-8 SFC Raffinate Sludge Dewatering Project Exposure and Alternative 1:
Estimated Average and Maximum Worker Doses and Intakes

Average Worker Exposure
External® Internal
Work Activity mSv (mrem) DAC-hr
Second Quarter— 2005
Sludge Transfer 0.31 (31) 47
Press Operation 0.37 (37) 122
Press Washdown 0.25 (25) 104
Filter Cake Bagging 0.26 (26) 46
Forklift Operation 0.33 (33) 0.5
Bag Stacking 0.47 (47) 0.7
Health and Safety Support 0.22 (22) 0
Second Quarter Average 0.32 (32) 46
Third Quarter— 2005
Sludge Transfer 0.28 (28) 98.8
Press Operation 0.55 (55) 141
Press Washdown 0.35 (35) 152
Filter Cake Bagging 0.47 (47) 131
Forklift Operation 0.27 (27) 2
Bag Stacking 0.29 (29) 5.7
Health and Safety Support 0.19 (19) 1.1
Third Quarter Average 0.34 (34) 76
Second and Third Quarter 0.33(33) 61
Average
Estimated Annual Totals 1.32 (132) 244

& As measured by thermoluminescent dosimeters.

As listed in Table D-9, the estimated annual TEDE to workers for Alternative 1, based on
measured worker doses and intakes from the raffinate sludge-dewatering project, would be

7.47 millisievert (747 millirem) per year. This annual TEDE would bound the annual doses to
reclamation workers for Alternative 1 because the average radionuclide concentrations at the site
are only about 30% of the concentrations encountered during the raffinate sludge-dewatering
project. The best estimate of annual worker doses using average radionuclide concentrations
would be 30% of the raffinate sludge dewatering project doses, or about 2.2 millisievert (220
millirem) per year. Both the bounding and best-estimate worker annual TEDES are within the
NRC occupational radiation protection standard of 50 millisievert (5 rem) per year. Total doses
to a worker during the four years of reclamation activities, assuming a worker is employed at the
same task for the entire period, and assuming that the annual average TEDES remain constant,
would result in a worker lifetime TEDE of about 8.8 millisievert (880 millirem).

The analysis estimated the total collective dose to the workforce and the probabilities of LCFs to
that workforce for Alternative 1, using the radiation worker labor force summarized by quarter
and labor category in Table D-10. The resulting estimated TEDEs by quarter and year, and the
estimated probabilities of LCFs by year, are presented in Table D-11. The estimated
probabilities of LCFs were developed using a dose-to-risk conversion factor of 4x10° per
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millisievert (4x107 per millirem) for industrial workers (ICRP, 1990). Table D-12 summarizes
the estimated annual probabilities of LCFs to the average and maximum individual worker, the
lifetime probability of an LCF to the average worker, and the collective worker population for

the four-year reclamation period.

The estimated total worker probability of an LCF would be low (1.3 x10%), and the annual
worker radiation doses would be within the regulatory limit of 50 millisievert (5 rem) per year;
therefore, the significance level of worker radiation exposures and risks for reclamation activities
for Alternative 1 would be SMALL.

Table D-9 Estimated Bounding Worker Annual TEDEs for Alternative 1

External® Internal Internal Dose | Annual TEDE
mSv/yr Exposure mSv/yr mSv/yr
Dose Estimate (mremlyr) DAC-hr/yr (mrem/yr)® (mremlyr)

Raffinate Sludge 1.32 (132) 244 6.1 (610) 7.4 (740)
Dewatering Project—
Projected Annual Totals
Estimated Annual 0.4 (40) 73 1.8 (180) 2.2 (220)
Averages for
Alternative 1°

& As measured by thermoluminescent dosimeters.
b Converted from DAC-hours per year by dividing by 2,000 and multiplying by 50 millisievert (5 rem) per year.

c

project, accounting for the average waste concentrations encountered.

Estimated assuming annual worker doses are 30% of the annual doses that SFC recorded for the raffinate sludge dewatering

Table D-10 Radiation Worker Manpower Estimates for Alternative 1

On-site | Welders
Cell H&S Equipment | Truck and
Quarter | Closure | Technicians | Operators | Drivers | Riggers | Laborers | Total
1 0 10 8 8 6 25 57
2 0 10 8 8 6 25 57
3 0 10 8 8 6 25 57
4 0 10 8 8 6 25 57
5 0 10 8 8 6 25 57
6 0 10 8 8 6 25 57
7 0 10 8 8 6 25 57
8 0 10 8 8 6 25 57
9 0 4 3 3 0 15 33
10 8 4 3 3 0 15 33
11 8 4 3 3 0 10 20
12 0 4 3 3 0 10 20
13 0 4 1 1 0 5) 11
14 0 4 1 1 0 5 11
15 0 4 1 1 0 5 11
16 0 4 1 1 0 5 11
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Table D-11 Collective Radiation Worker TEDEs and Estimated
Probabilities of LCFs for Alternative 1

Estimated TEDE Estimated Total
Quarter/Year person-Sv (person-rem) Collective Worker Risk

1 0.031 (3.1) -

2 0.031 (3.1) -

3 0.031 (3.1) -

4 0.031 (3.1) -
Total Year 1 0.124 (12.4) 5.0x10

5 0.031 (3.1) -

6 0.031 (3.1) -

7 0.031 (3.1) -

8 0.031 (3.1) -
Total Year 2 0.124 (12.4) 5.0x10”

9 0.018 (1.8)

10 0.018 (1.8)

11 0.011 (1.1)

12 0.011 (1.1)

Total Year 3 0.058 (5.8) 2.3x10°

13 0.0060 (0.6) -

14 0.0060 (0.6) -

15 0.0060 (0.6) -

16 0.0060 (0.6) -
Total Year 4 0.024 (2.4) 9.6x10™
Total Over 4 0.33 (33) 1.3x107

Years

Table D-12 Estimated Probabilities of LCFs for Reclamation
Workers and the Collective Worker Population for Alternative 1

Average Average Maximum Total
Individual Individual Individual Collective
Worker Worker Worker Average
Annual Risk | Lifetime Risk® | Annual Risk” Worker®
8.8x10” 3.5x10™ 3.0x10™ 1.3x10”

Over four years of reclamation activities.
Assuming the doses received during the SFC raffinate sludge dewatering

project represent the maximum worker doses.

activities.
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D.2.1.3 Alternative 1: Long-term Public Radiation Doses and Risks

SFC derived the CLs for the restricted and unrestricted areas of the site. For the restricted areas
of the site, SFC derived the DCGLs without consideration of any institutional controls for the
dose received from pathways related to residual radioactive materials in surface soil. SFC based
the derivation of the DCGLs on a radiation exposure scenario analysis using the RESRAD
computer program (Yu et. al., 2001) and applied the benchmark dose approach.

Appendix A, “Radiological Criteria for License Termination of Uranium Recovery Facilities,” of
10 CFR Part 40 outlines the process for applying a benchmark dose. The following paragraph
from 10 CFR Part 40, Appendix A, describes the “radium in soil” criterion (Criterion 6[6]):

Byproduct material containing concentrations of radionuclides other than radium
in soil, and surface activity on remaining structures, must not result in a total
effective dose equivalent (TEDE) exceeding the dose from cleanup of radium
contaminated soil to the above standard (benchmark dose), and must be at levels
which are as low as is reasonably achievable. If more that one residual
radionuclide is present in the same 100-square-meter area, the sum of the ratios
for each radionuclide of concentration present to the concentration limit, will not
exceed 1 (unity). A calculation of the peak potential annual TEDE within 1,000
years to the average member of the critical group that would result from applying
the radium standard (not including radon) on the site, must be submitted for
approval. The use of reclamation plans with benchmark doses which exceed [1
millisievert per year] 100 [millirem per year], before application of as low as is
reasonably achievable, requires the approval of the Commission after
consideration of the recommendation of NRC staff.

For the benchmark dose method, the SFC-selected scenario represented a resident farmer with
the following radiation exposure pathways (Reclamation Plan, Appendix G, SFC, 2005):

e External exposure from soil.
e Inhalation of suspended soil.
e Ingestion of soil.

e Ingestion of plant products grown in contaminated soil and using potentially contaminated
surface water to supply irrigation.

e Ingestion of animal products grown on the site using feed and surface water from potentially
contaminated sources.

e Ingestion of fish from potentially contaminated surface water on the site.
SFC indicated that it did not consider two potential exposure pathways:

e Groundwater usage — SFC indicated that there are no existing active water wells near or
downgradient from the facility that migrating contaminants could affect. The only active
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wells in the nearby region are either upgradient or so far removed that future impacts are not
possible. The shallow aquifers cannot produce sufficient water to qualify as potential drink-
ing water sources or are of such poor quality that the well water would not be suitable for
domestic purposes. Because of limited groundwater in this region of Oklahoma, there are ex-
tensive potable water distribution systems that use surface-water sources (e.g., Sequoyah
County Rural Water District No. 5).

e Radon inhalation — SFC indicated that it did not consider radon inhalation because, consis-
tent with EPA guidance, it applied the default DCGLs for radium.

In addition, SFC indicated that it did not consider scenarios that involved inadvertent human
intrusion into the disposal cell during the licensed or institutional control periods, with
construction of a house with a basement over the waste. SFC eliminated these scenarios because
basement construction is not a common feature of homes in northeast Oklahoma. Further, the
SFC cell design, including the application of a riprap outer cover over the disposal cell, would
prevent human intrusion (Reclamation Plan, Appendix G, SFC, 2005).

In summary, to derive the benchmark dose, SFC applied the resident farmer scenario for the ICB.
SFC assumed that this farmer would be exposed to residual radioactivity in surface soil without
digging into the disposal cell. During a year, this farmer would spend 25% of the time indoors
on the site, 50% of the time outdoors on the site, and 25% of the time away from the site. The
contaminated land would produce half of the farmer’s entire diet (i.e., vegetables, grain, fruit,
milk, and meat). SFC assumed the water source for irrigation and farm animals would be a pond
immediately downgradient from the contaminated area. Half of the farmer’s aquatic food (fish)
diet would be from the pond (Reclamation Plan, Appendix G, SFC, 2005). SFC estimated the
resulting dose from radium-226 at the regulatory limit concentration of 0.185 becquerels (5
picocuries) per gram of radium-226 would be 0.54 millisievert (54 millirem) per year. Using the
benchmark dose approach, SFC calculated the natural uranium and thorium-230 concentrations
in soil that would equal the dose from radium-226 (see Table D-13). SFC would apply these
values as DCGLs for soils from the contaminated areas within the ICB. The sum-of-ratios
requirement would ensure that the resident farmer dose did not exceed the benchmark dose of
0.54 millisievert (54 millirem) per year for any combination of concentrations of natural
uranium, thorium-230, and radium-226. Assuming that this individual resided on the site for 70
years if loss of institutional control of the ICB occurred, the resulting lifetime dose would be
about 38 millisievert (3,800 millirem). SFC noted that the value for the natural uranium
concentration is high for surface soils for applications outside the ICB. To ensure application of
the ALARA principal to the unrestricted areas of the site, SFC developed the CLs in Table D-13.

Applying the same residential farmer scenario to unrestricted areas using the CLs, the natural
uranium in the mixture would control the resulting radiation doses because the CLs for thorium-
230 and radium-226 are less-than values. The analysis estimated the dose from natural uranium
to be about 0.095 millisievert (9.5 millirem) per year by multiplying the ratio of the CL to the
DCGL by the benchmark dose. Again, the sum-of-ratios method would ensure that the estimated
dose from all three radionuclides was less than or equal to 0.095 millisievert (9.5 millirem) per
year. This dose would be less than the public dose limit of 1 millisievert (100 millirem) per year.
If this individual resided on the unrestricted area of the site for 70 years, the lifetime dose would
be 6.6 millisievert (660 millirem).
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Table D-13 DCGLs and CLs

Natural
Uranium Thorium-230 Radium-226
Condition Ba/g (pCil/g) Ba/g (pCil/g) Bg/g (pCi/g)?
DCGL (restricted area) 21 (570) 2.4 (66) 0.18/0.56 (5.0/15)
CL (unrestricted release) 3.7 (100) <0.52/1.6 (14/<43) | <0.18/0.56 (5.0/15)

Source: SFC, 2005.

& As stated in 10 CFR 40, Appendix A, Criterion 6(6), the concentration of radium in the first 15-centimeter
(5.9-inch) layer below the surface/followed by the concentration in subsequent 15-centimeter layers more
than 15 centimeters below the surface. This criterion is also applied to thorium-230 concentrations.

Both the land within the ICB and in the unrestricted area would contain radionuclide
concentrations in surface soil much lower than those in Table D-13. This is because SFC
proposes to use clean soil to cover the contaminated areas after moving the contaminated soil to
the disposal cell within the ICB. Further, facility operations have left the unrestricted area
largely unaffected; therefore, the radionuclide concentrations reflect natural background levels.
Therefore, the doses to members of the public following institutional controls estimated for the
restricted and unrestricted areas for Alternative 1 are bounding estimates.

Table D-14 lists the estimated individual probabilities of LCFs for the restricted and unrestricted
areas for Alternative 1. These estimates use a dose-to-risk conversion factor of 6x10 per
millisievert (6x107 per millirem) (Eckerman et al., 1999) and an assumed residency time of 70
years. The lifetime risks to the resident farmers in the restricted and unrestricted areas would be
low (2.3%107 and 4.0x10™, respectively), and the annual doses would be within regulatory limits
(the benchmark dose); therefore, the significance level of public radiation exposures and risks
after completion of Alternative 1 would be SMALL.

Table D-14 Estimated Probabilities of LCFs for the Resident Farmer Scenario
in the Restricted and Unrestricted Areas for Alternative 1

Lifetime Restricted
Annual Restricted Area after Loss of Annual Lifetime
Area after Loss of Institutional Unrestricted Unrestricted
Institutional Controls Controls Area Area
3.2x10” 2.3x10° 5.7 x10° 4.0x10™

D.2.1.4 Alternative 1: Worker Radiation Doses and Risks during Institutional Control

In a manner similar to that used to calculate the DCGLs for the resident farmer scenario, SFC
estimated the annual doses to industrial workers during the long-term maintenance and control of
the site. These industrial workers, employed or under contract to the long-term custodian, would
perform the maintenance tasks, on a limited, part-time basis (i.e., a total of 130 hours per year).
The applicable regulatory dose limit to a worker would be 1 millisievert (100 millirem) per year
to a member of the public. SFC assumed that the source term would be equivalent to the DCGLs
in Table D-13, since this would be the maximum radionuclide concentrations that would be
encountered following remediation. The exposure pathways include (Reclamation Plan,
Appendix G, SFC, 2005):
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e External exposure from soil.
e Inhalation of suspended soil.
e Ingestion of soil.

SFC did not consider additional pathways for the industrial workers because of the nature of
their long-term maintenance activities and the limited number of hours worked during a year.
These maintenance workers would not be involved in farming activities, use groundwater or
surface water since water would be provided by municipal sources, or be exposed to indoor
radon since no buildings would be built in the restricted area. SFC assumed the worker would
perform maintenance activities within the ICB for a total of 130 hours per year: 32 hours
sampling on-site wells and 98 hours mowing (SFC, 2005). The maintenance activities did not
include time maintaining the cover since, per the requirements of 10 CFR 40, Appendix A,
Criteria 6, site closure requires that reasonable assurance be provided of the control of
radiological hazards for 1,000 years, and in any case for at least 200 years. This means that the
final cover must be shown to perform without requiring maintenance for at least 200 years, and
for up to 1,000 years. The result of the SFC dose assessment was about 0.02 millisievert (2
millirem) per year to this industrial worker. The analysis assumed that the same individual
would work at the site for an entire career of 30 years conducting maintenance activities.
Although it is unlikely that an individual would perform these activities over an entire 30-year
career, it provides a conservative basis for the estimation of lifetime dose to this worker. The
resulting lifetime dose would be about 0.6 millisievert (60 millirem). The NRC staff consider
these values to be a conservative bounding dose estimate because the land within the ICB would
contain radionuclide concentrations in surface soil much lower than those in Table D-13. This is
because SFC indicated that it would use clean soil to cover the contaminated areas after moving
the contaminated soil to the disposal cell within the ICB. The analysis used a dose-to-risk
conversion factor of 4x107 per millisievert (4x10™ per millirem) (ICRP, 1990) and an assumed
residency time of 30 years to estimate the individual annual and lifetime probabilities of LCFs
for the restricted area industrial worker under Alternative 1. Table D-15 lists the estimated
probabilities of LCFs. The estimated annual probability of an LCF to this industrial worker
would be 8x10”, and the estimated lifetime probability of an LCF would be 2.4x10°. The
estimated risks would be low, and the annual radiation doses would be within the regulatory limit
of 1 millisievert (100 millirem) per year; therefore, the significance level of worker radiation
exposures and risks during institutional controls would be SMALL.

Table D-15 Estimated Probabilities of LCFs for
the Long-term Maintenance Industrial Worker
Scenario in the Restricted Areas for Alternative 1
Annual Lifetime
8x107 2.4x107

D.2.2 Alternative 2: Off-site Disposal of All Contaminated Materials
Under Alternative 2, SFC would excavate and remove all contaminated soil, sludge, equipment,

building rubble, and other contaminated materials from the site and send it to licensed low-level
radioactive waste (LLRW) disposal facilities (SFC, 2005). This alternative would not require the
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construction of an on-site disposal cell. SFC would decontaminate the entire site to meet the
CLs in Table D-11. SFC would backfill all excavations, cover them with topsoil, and revegetate
them. After completion of reclamation activities, SFC would perform radiation surveys to verify
compliance with the CLs before license termination and unrestricted release of the 243-hectare
(600-acre) site. There would be no further license or institutional control period.

D.2.2.1 Alternative 2: Off-site Public Radiation Doses and Risks during Reclamation

Off-site public exposures would occur because of the atmospheric release of radionuclides in soil
suspended in air. This would occur during the excavation and movement of contaminated soil,
building demolition and movement of building rubble, and movement of other materials for off-
site disposal. Because the reclamation activities for Alternatives 1 and 2 are similar, the same
methods apply to the estimation of off-site radiation exposures during reclamation. As for
Alternative 1, off-site air samples served as the basis for estimated public doses during
reclamation. The estimated inhalation doses to the MEI would range from 0.003 to

0.005 millisievert (0.3 to 0.5 millirem) per year. These doses would be a small fraction of the
0.25-millisievert-per-year (25-millirem-per-year) public dose limit for site operations, and they
are ALARA. For this analysis, 0.005 millisievert (0.5 millirem) per year represented the annual
dose to the MEI in the public during reclamation. The lifetime doses the MEI would receive
during the four-year reclamation period, assuming constant off-site public doses over this period,
would be about 0.02 millisievert (2 millirem) under Alternative 2.

Because radiation dose rapidly decreases with distance downwind because of dispersion of the
airborne contaminants, the total collective population dose would be bounded under the
assumption that 1,000 individuals would receive the MEI dose. This would equal 0.005 person-
sievert (0.5 person-rem) per year. Over the four-year period, the collective dose would be 0.02
person-sievert (2 person-rem) for Alternative 2.

The analysis estimated the probabilities of LCFs for members of the public from Alternative 2,
assuming reclamation activities would occur over a four-year period, using a dose-to-risk
conversion factor of 6x10° per millisievert (6x10™ per millirem) for members of the public
(Eckerman et al., 1999). Table D-16 lists the estimated probabilities of LCFs to the MEI and the
collective population, both for a single year and for the total reclamation period. The estimated
total population risks would be low (1.2x10°®) and the annual radiation doses would be within
the regulatory limit for the public of 0.25 millisievert (25 millirem) per year; therefore, the
significance level of public radiation exposures and risks for reclamation activities for
Alternative 2 would be SMALL.

Table D-16 Estimated Probabilities of LCFs for the MEI and the
Collective Population for Alternative 2

Individual Individual Collective Collective
Annual Risk Lifetime Risk® Annual Risk Lifetime Risk?
3.0x10”7 1.2x10° 2.0x10™ 1.2x10°

& Over four years of reclamation activities.
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D.2.2.2 Alternative 2: Worker Radiation Doses and Risks During Reclamation

The annual average radiation doses to reclamation workers under Alternative 2 are likely to be
the same as those estimated for Alternative 1 because both alternatives would require the
relocation of contaminated materials for disposal. The choice of on-site or off-site disposal
would not significantly change the expected work conditions, dose rates, or exposure durations
for reclamation workers. Only the number of workers and the duration of work would differ.

As listed in Table D-9, the average annual TEDE to workers, based on measured worker doses
and intakes from the raffinate sludge dewatering project, would be about 7.47 millisievert (747
millirem) per year. This annual TEDE would bound the annual doses to reclamation workers for
Alternative 2 because the average radionuclide concentrations at the site are only about 30% of
the concentrations in the raffinate sludge dewatering project. The best estimate of annual worker
doses would be 30% of the raffinate sludge dewatering project doses using average radionuclide
concentrations, or about 2.2 millisievert (220 millirem) per year. Both the bounding and best-
estimate worker annual TEDEs are within the NRC occupational radiation protection standard of
50 millisievert (5 rem) per year. Total doses to a worker during four years of reclamation
activities, assuming that the annual average TEDES remain constant, would result in a worker
lifetime TEDE of about 8.8 millisievert (880 millirem).

The analysis estimated worker probabilities of LCFs for Alternative 2, using the radiation worker
labor force summarized by quarter and labor category in Table D-17. The resulting estimated
TEDESs by quarter and year, and the estimated probabilities of LCFs by year, are shown in Table
D-18. The estimated probabilities of LCFs were developed using a dose-to-risk conversion
factor of 4x10™ per millisievert (4x107" per millirem) for industrial workers (ICRP, 1990). Table
D-19 summarizes the estimated annual probabilities of LCFs to the average and maximum
individual worker, the lifetime probability of an LCF to the average worker, and the collective
worker population for the four-year reclamation period. The estimated total worker probabilities
of LCFs would be low (1.4x107%) and the annual worker radiation doses would be within the
regulatory limit of 50 millisievert (5 rem) per year; therefore, the significance level of worker
radiation exposures and risks for reclamation activities for Alternative 2 would be SMALL.

Table D-17 Radiation Worker Manpower Estimates for Alternative 2

On-Site | Welders
H&S Equipment | Truck and
Quarter | Technicians | Operators | Drivers | Riggers | Laborers Total
1 12 12 8 6 20 58
2 12 12 8 6 20 58
3 12 12 8 6 20 58
4 12 12 8 6 20 58
5 12 12 8 6 20 58
6 12 12 8 6 20 58
7 12 12 8 6 20 58
8 12 12 8 6 20 58
9 6 12 8 0 15 41
10 6 12 8 0 15 41
11 6 12 8 0 10 36
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Table D-17 Radiation Worker Manpower Estimates for Alternative 2

On-Site | Welders
H&S Equipment | Truck and
Quarter | Technicians | Operators | Drivers | Riggers | Laborers Total
12 4 3 0 0 10 17
13 4 1 0 0 5 10
14 4 1 0 0 5 10
15 4 1 0 0 5 10
16 4 1 0 0 5 10
Table D-18 Collective Radiation Worker TEDESs and Estimated
Probabilities of LCFs for Alternative 1
Estimated TEDE Estimated Total
Quarter/Year person-Sv (person-rem) Collective Worker Risk
1 0.033 (3.3) -
2 0.033 (3.3 -
3 0.033 (3.3) -
4 0.033 (3.3 -
Total Year 1 0.13 (13) 5.2x10°
5 0.033 (3.3) -
6 0.033 (3.3 -
7 0.033 (3.3) -
8 0.033 (3.3 -
Total Year 2 0.13 (13) 5.2x10”
9 0.022 (2.2)
10 0.022 (2.2)
11 0.020 (2.0)
12 0.0094 (0.94)
Total Year 3 0.075 (7.5) 3.0x10”
13 0.00055 (0.055) -
14 0.00055 (0.055) -
15 0.00055 (0.055) -
16 0.00055 (0.055) -
Total Year 4 0.0022 (0.22) 8.8x10™
Total Over 2
Four Years 0.34 (34) 1.4x10
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Table D-19 Estimated Probabilities of LCFs for Reclamation Workers
and the Collective Worker Population for Alternative 2

Average Average Total
Individual Individual Maximum Collective
Worker Annual Worker Worker Annual Average
Risk Lifetime Risk® Risk” Worker®
8.8x10” 3.5x10™ 3.0x10™ 3.5x10°

Over four years of reclamation activities.

Assuming the doses received during the SFC raffinate sludge dewatering

project represent the maximum worker doses.

Over the entire radiation worker workforce for four years of reclamation activities.

D.2.2.3 Alternative 2: Long-term Public Radiation Doses and Risks

As discussed in Section D.2.1.3, SFC developed CLs to ensure application of the ALARA
principle to the unrestricted areas of the site (SFC, 2005) (see Table D-13 in Section D.2.1.3).
Application of the residential farmer scenario to unrestricted areas using the CLs provides
radiation doses that are controlled by the natural uranium in the mixture because the CLs for
thorium-230 and radium-226 are less-than values. The analysis estimated that the dose from
natural uranium would be about 0.095 millisievert (9.5 millirem) per year by multiplying the
ratio of the CL to DCGL by the benchmark dose. The sum-of-ratios method ensures that the
dose from all three radionuclides would be less than or equal to 0.095 millisievert (9.5 millirem)
per year. This dose would be within the current regulatory limit for members of the public of 1
millisievert (100 millirem) per year. If this individual resided on the unrestricted area of the site
for 70 years, the lifetime dose would be 6.6 millisievert (660 millirem).

After completion of Alternative 2, the land in the unrestricted area would contain radionuclide
concentrations in surface soil much lower than the CLs. This is because SFC proposes to use
clean soil to fill and cover the contaminated areas after moving the contaminated soil and other
radioactive material off the site for disposal. Further, facility operations have left the majority of
the 243-hectare (600-acre) site largely unaffected; therefore, the radionuclide concentrations
reflect natural background levels. Therefore, the estimated unrestricted area doses to members
of the public of 0.095 millisievert (9.5 millirem) per year after completion of Alternative 2 would
bound the potential impacts.

Table D-20 lists the estimated annual and lifetime individual probabilities of LCFs for
unrestricted release of the site after completion of Alternative 2. The analysis estimated the
probabilities of LCFs using a dose-to-risk conversion factor of 6x107 per millisievert (6x107 per
millirem) (Eckerman et al., 1999) and an assumed residency time of 70 years. The resulting
lifetime probability of an LCF to the resident farmer would be low (4.0x10™), and the annual
radiation doses would be within the public radiation dose regulatory limits of 1 millisievert (100
millirem) per year; therefore, the significance level of public radiation exposures and risks
following completion of Alternative 2 would be SMALL. In addition, there would be no
institutional control period for Alternative 2, so there would be no long-term worker doses or
risks because unrestricted release would occur immediately upon completion of Alternative 2.
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Table D-20 Estimated Probabilities of LCFs for
the Resident Farmer Scenario in the
Unrestricted Area for Alternative 2

Annual Lifetime Unrestricted
Unrestricted Area Area
5.7x10° 4.0x10™

D.2.3 Alternative 3: Partial Off-site Disposal of Contaminated Materials

Under Alternative 3, SFC would excavate and remove selected waste and contaminated materials
from the site and send them to licensed LLRW disposal facilities (SFC, 2005). This waste would
include some of the more concentrated radioactive sources at the site. SFC would dispose of the
remainder of the radioactive material, including soil and other sources that exceed the DCGLs, in
an on-site disposal cell similar to that for Alternative 1 (SFC, 1999). The disposal cell would be
in the same location but with reduced dimensions and volume to account for the volume of waste
shipped off the site. SFC would maintain all of the contaminated areas within a 81-hectare (200-
acre) restricted area. The above-grade disposal cell would cover about 4 hectares (10 acres).
SFC would consolidate and dispose of all Atomic Energy Act Section 11e.(2) byproduct
materials and non-Section 11e.(2) source material wastes, which would remain on the site in this
cell. After capping and closure, SFC would establish a fenced ICB around the disposal cell. The
ICB would restrict unauthorized access to the area. After capping and closure, SFC would
initiate a long-term monitoring plan (SFC, 2005). The design of the engineered disposal cell
would comply with NRC performance standards. These standards are outlined in Appendix A of
10 CFR Part 40. SFC would then cover the completed cell surface with riprap to prevent human
intrusion. SFC would decontaminate the remainder of the site, the unrestricted area, to meet the
CLs in Table D-13. SFC proposes to backfill all excavations, cover them with topsoil, and
revegetate them. After completion of reclamation activities, SFC would conduct radiation
surveys to verify that the contamination levels did not exceed the CLs. After license termination,
SFC would transfer long-term custody of the site to the United States or the State of Oklahoma.

The material that SFC would send off the site for disposal would include the dewatered raffinate
sludge, North Ditch sediment, Emergency Basin soil, and Sanitary Lagoon soil. Table D-21 lists
the estimated volumes and radionuclide contents of that waste. In comparison with the estimated
waste volume in Table D-4, the total on-site disposal volume for Alternative 2 would be about
196,000 cubic meters (256,760 cubic feet).

Table D-21 Off-site Waste Disposal Summary for Alternative 3

Natural
Volume Uranium Thorium-230 Radium-226
m® Ba/g Ba/g Ba/g
Description (yd®) (pCilg) (pCilg) (pCilg)
Raffinate Sludge 30,129 13-448 7.8-604 0.22-12.3
(39,469) (357-12,100) (211-16,300) (6-332)
North Ditch 588 245 86 4.4
Sediment (770) (6,618) (2,320) (120)
Emergency Basin 413 104 103 9.1
Soil (541) (2,809) (2,785) (245)
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Table D-21 Off-site Waste Disposal Summary for Alternative 3

Natural
Volume Uranium Thorium-230 Radium-226
m® Ba/g Ba/g Ba/g
Description (yd®) (pCilg) (pCilg) (pCilg)
Sanitary Lagoon 294 338 14 0.25
Soil (385) (9,137) (384) (6.7)
Total Volume 31,424
(41,165)

D.2.3.1 Alternative 3: Off-site Public Radiation Doses and Risks during Reclamation

Off-site public exposures would occur because of the atmospheric release of radionuclides in soil
suspended in air. This would occur during the excavation and movement of contaminated soil,
building demolition and movement of building rubble, and movement of other materials for on-
or off-site disposal. Because the reclamation activities for Alternatives 1 and 3 are similar and
would involve the same material, the same methods apply to the estimation of off-site radiation
exposures during reclamation. This approach uses off-site air sample data that SFC collected
during previous reclamation activities at the site. Table D-5 in Section D.2.1.1 summarizes the
estimated inhalation radiation doses from data that SFC collected at the nearest residence air
sampler for the period from 1995 through 1998 (SFC, 2005). The NRC staff considers this
location to be the location of the MEI in the public. The estimated inhalation doses range from
0.003 to 0.005 millisievert (0.3 to 0.5 millirem) per year. These doses are a small fraction of the
0.25-millisievert (25-millirem)-per-year public dose limit for site operations and are considered
to be ALARA. This analysis used 0.005 millisievert (0.5 millirem) per year to represent the
annual dose to the MEI in the public during reclamation. For comparison, an average individual
living in Oklahoma receives a radiation dose of about 3.6 millisievert (360 millirem) per year
from all sources (NCRP, 1987). The lifetime doses the MEI would receive during the four-year
reclamation period, assuming constant off-site public doses over this period, would be about 0.02
millisievert (2 millirem) under Alternative 3.

Because radiation dose rapidly decreases with distance downwind because of dispersion of the
airborne contaminants, the assumption that 1,000 individuals would receive the MEI dose would
bound the total collective population dose. This would equal 0.005 person-sievert (0.5 person-
rem) per year. Again, assuming that reclamation activities would occur over a four-year period,
the collective dose would be 0.02 person-sievert (2 person-rem) for Alternative 3.

The analysis estimated the probabilities of LCFs for members of the public for Alternative 3,
assuming reclamation activities would occur over a four-year period, using a dose-to-risk
conversion factor of 6x10° per millisievert (6x10" per millirem) for members of the public
(Eckerman et al., 1999). Table D-22 lists the probabilities of LCFs to the MEI and the collective
population both for a single year and for the total reclamation period. The estimated total
population risks would be low (1.2x10°®), and the annual radiation doses would be within the
regulatory limit for the public of 0.25 millisievert (25 millirem) per year; therefore, the
significance level of public radiation exposures and risks for reclamation activities for
Alternative 3 would be SMALL.
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Table D-22 Estimated Probabilities of LCFs for the MEI and the
Collective Population during Reclamation for Alternative 3

Individual Individual Collective Collective
Annual Risk Lifetime Risk® Annual Risk Lifetime Risk?
3.0x10” 1.2x10° 3.0x10™ 1.2x10°3

& Over four years of reclamation activities.

D.2.3.2 Alternative 3: Worker Radiation Doses and Risks During Reclamation

The estimated annual average radiation doses to reclamation workers for Alternative 3 are likely
to be the same as those for Alternative 1. This is because both alternatives require demolition of
buildings and excavation of soil with the relocation of the contaminated materials for disposal.
Disposal off the site would not significantly reduce the dose to reclamation workers because the
same reclamation activities would occur up to the point of disposal. Only the number of workers
and the duration of work would differ.

As listed in Table D-9, the analysis estimated the average annual TEDE to a worker, based on
measured worker doses and intakes from the raffinate sludge dewatering project, would be
7.47 millisievert (747 millirem) per year. This annual TEDE would bound the annual doses to
reclamation workers for Alternative 3 because the average radionuclide concentrations at the site
are only about 30% of the concentrations in the raffinate sludge dewatering project. The best
estimate of annual worker doses would be 30% of the raffinate sludge dewatering project doses
using average radionuclide concentrations, or about 2.2 millisievert (220 millirem) per year.
Both the bounding and best-estimate worker annual TEDEs would be within the NRC
occupational radiation protection standard of 50 millisievert (5 rem) per year. Total doses to a
worker during four years of reclamation activities, assuming that the annual average TEDES
remain constant, would result in an average worker lifetime TEDE of about 8.8 millisievert
(880 millirem).

The analysis estimated the total collective dose to the workforce and the probabilities of LCFs to
that workforce for Alternative 3 using the radiation worker labor force summarized by quarter
and labor category in Table D-23. The resulting estimated TEDES by quarter and year, and the
estimated probabilities of LCFs by year, are shown in Table D-24. The estimated probabilities
of LCFs were developed using a dose-to-risk conversion factor of 4x10 per millisievert (4x10”
per millirem) for industrial workers (ICRP, 1990). Table D-25 summarizes the estimated
probability of an LCF to the average and maximum individual worker, the lifetime probability of
an LCF to the average worker, and the collective worker population for the total reclamation
period. The total estimated average worker probability of an LCF would be low (1.4x10%), and
the annual worker radiation doses would be within the regulatory limit of 50 millisievert (5 rem)
per year; therefore, the significance level of worker radiation exposures and risks for reclamation
activities for Alternative 3 would be SMALL.
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Table D-23 Radiation Worker Manpower Estimates for Alternative 3

On-Site | Welders
Cell H&S Equipment Truck and
Quarter | Closure | Technicians | Operators Drivers Riggers | Laborers | Total
1 0 11 8 8 6 29 62
2 0 11 8 8 6 29 62
3 0 11 8 8 6 29 62
4 0 11 8 8 6 29 62
5 0 11 8 8 6 29 62
6 0 11 8 8 6 29 62
7 0 11 8 8 6 29 62
8 0 11 8 8 6 29 62
9 0 4 3 3 0 15 25
10 8 4 3 3 0 15 25
11 8 4 3 3 0 10 20
12 0 4 3 3 0 10 20
13 0 4 1 1 0 5 11
14 0 4 1 1 0 5 11
15 0 4 1 1 0 5 11
16 0 4 1 1 0 5 11

Table D-24 Collective Radiation Worker TEDEs and Estimated Probabilities of

LCFs for Alternative 3
Estimated TEDE Estimated Total

Quarter/Year person-Sv (person-rem) Collective Worker Risk

1 0.034 (3.4) -

2 0.034 (3.4) -

3 0.034 (3.4) -

4 0.034 (3.4) -
Total Year 1 0.14 (14) 5.6x10°

5 0.034 (3.4) -

6 0.034 (3.4) -

7 0.034 (3.4) -

8 0.034 (3.4) -
Total Year 2 0.14 (14) 5.6x10°

9 0.013 (1.3)

10 0.013 (1.3)

11 0.011 (1.1)

12 0.011 (1.1)
Total Year 3 0.048 (4.8) 1.9x10°

13 0.0060 (0.6) -

14 0.0060 (0.6) -

15 0.0060 (0.6) -

16 0.0060 (0.6) -
Total Year 4 0.024 (2.4) 9.6x10™

Total Over Four Years 0.35 (35) 1.4x107
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Table D-25 Estimated Probabilities of LCFs for Reclamation
Workers and the Collective Worker Population for Alternative 3

Average Average Maximum Total
Individual Individual Worker Collective
Worker Worker Annual Risk® Average
Annual Risk | Lifetime Risk® Worker®
8.8x10” 3.5x10™ 3.0x10™ 1.4x10°

& Over four years of reclamation activities.

b Assuming the doses received during the SFC raffinate sludge dewatering project represent
the maximum worker doses.

¢ Over the entire radiation worker workforce during four years of reclamation activities.

D.2.3.3 Alternative 3: Long-term Public Radiation Doses and Risks

As discussed in Section D.2.1.3, SFC developed DCGLs for the restricted area and CLs for the
unrestricted area of the site (see Table D-13 in Section D.2.1.3). The analysis used application of
the DCGLs and CLs based on the residential farmer scenario to restricted and unrestricted areas
as the basis for the radiation dose estimates for Alternative 3. Because partial off-site disposal
would still leave a significant inventory in the ICB, and because the residual soil contamination
cleanup within the ICB would be the same for Alternatives 1 and 3, the long-term radiation dose
and probability of LCF estimates would be the same for both alternatives. The DCGLs would
apply to soils from the contaminated areas within the ICB. The sum-of-ratios requirement would
ensure that the resident farmer dose would not exceed 0.54 millisievert (54 millirem) per year for
any combination of concentrations of natural uranium, thorium-230, and radium-226. If this
individual resided at the site for 70 years after loss of institutional control of the ICB, the
resulting lifetime dose would be 37.8 millisievert (3,780 millirem).

The NRC staff determined that the residential farmer scenario applied to unrestricted areas using
the CLs would result in radiation doses controlled by the natural uranium in the mixture because
the CLs for thorium-230 and radium-226 are less-than values. The analysis estimated the dose
from natural uranium by multiplying the ratio of the CL to DCGL by the benchmark dose; the
dose would be about 0.095 millisievert (9.5 millirem) per year. The sum-of-ratios method would
ensure that the dose from all three radionuclides would be less than or equal to 0.095 millisievert
(9.5 millirem) per year. This dose would be less than the public radiation dose limit of 1
millisievert (100 millirem) per year. If this individual resided on the unrestricted area of the site
for 70 years, the resulting lifetime dose would be 6.6 millisievert (660 millirem).

The NRC staff noted that both the land within the ICB and in the unrestricted area would contain
radionuclide concentrations in surface soil much lower than those in Table D-13. This is because
SFC proposes to use clean soil to cover the contaminated areas after moving the contaminated
soil to the disposal cell within the ICB. Further, facility operations have left the unrestricted area
largely unaffected; therefore, the radionuclide concentrations reflect natural background levels.
Therefore, the estimated doses to members of the public after lapse of institutional controls for
the restricted and unrestricted areas for Alternative 3 would bound the impacts.

Table D-26 lists the individual probabilities of LCFs for the restricted and unrestricted areas for
Alternative 3. These estimates use a dose-to-risk conversion factor of 6x107 per millisievert
(6107 per millirem) (Eckerman et al., 1999) and an assumed residency time of 70 years.
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Table D-26 Estimated Probabilities of LCFs for the Resident Farmer Scenario in
the Restricted and Unrestricted Areas for Alternative 3

Annual Restricted Lifetime Restricted
Area Following Loss | Area Following Loss Annual Lifetime
of Institutional of Institutional Unrestricted Unrestricted
Controls Controls Area Area
3.2x10” 2.3x107 5.7x10° 4.0x10™

The estimated lifetime risks would be low (2.3x10 and 4.0x10™), and the annual radiation
doses would be within the regulatory limit of 1 millisievert (100 millirem) per year; therefore,
the significance level of public radiation exposures and risks after completion of Alternative 3
would be SMALL.

D.2.3.4 Alternative 3: Worker Radiation Doses and Risks during Institutional Control

In a manner similar to that for the DCGLs for the resident farmer scenario (see Section D.2.1.3),
SFC estimated annual doses to an industrial worker during the long-term maintenance and
control of the site. Because Alternatives 1 and 3 would require the same long-term maintenance
and surveillance activities, the estimated radiation doses and LCFs to the workers would be the
same. The analysis assumed an industrial worker employed or under contract to the long-term
custodian would perform the maintenance tasks for a total of 130 hours per year (32 hours
sampling on-site wells and 96 hours mowing). The applicable annual regulatory dose limit
would be 1 millisievert (100 millirem) per year to a member of the public. The resulting SFC
dose assessment would be about 0.02 millisievert (2 millirem) per year to this industrial worker.
Assuming that this individual worked at the site for 30 years conducting maintenance activities,
the resulting lifetime dose would be about 0.6 millisievert (60 millirem). The NRC staff
considers these values to be conservative bounding dose estimates because the land within the
ICB would contain radionuclide concentrations in surface soil much lower than those in

Table D-13. This is because SFC proposes to use clean soil to cover the contaminated areas after
moving the contaminated soil to the disposal cell within the ICB. The analysis estimated the
individual annual and lifetime probabilities of LCFs for the restricted area industrial worker
under Alternative 3 using a dose-to-risk conversion factor of 4x107 per millisievert (4x10” per
millirem) (ICRP, 1990) and an assumed residency time of 30 years. Table D-27 lists the
estimated probabilities of LCFs. The estimated annual probability of an LCF to this industrial
worker would be 8x107, and the estimated lifetime probability of an LCF would be 2.4x10°.
The estimated risks would be low, and the annual radiation doses would be within the annual
regulatory limits of 1 millisievert (100 millirem) per year; therefore, the significance level of
worker radiation exposures and risks during institutional controls would be SMALL.

Table D-27 Estimated Probabilities of LCFs for
the Long-term Maintenance Industrial Worker
Scenario in the Restricted Areas for Alternative 3
Annual Lifetime
8.0x10”" 2.4x10”

D-26



D.2.4 No-Action Alternative

The no-action alternative would retain the site in its current configuration. There would be no
additional processing or stabilization of radioactivity and no decontamination of buildings or
land. All on-site buildings and waste materials would remain in their current condition and
configuration. Under this alternative, the NRC would not terminate SFC’s source material
license but would require SFC to maintain a portion of the 81-hectare (200-acre) industrial area
indefinitely under restricted conditions. The site would not undergo cleanup and reclamation in
accordance with 10 CFR Part 40, Appendix A. SFC would take corrective measures in the event
of degradation of containment structures, release of contaminated materials, or intrusion. Over
the long term, NRC would require SFC to perform surveillance and maintenance to ensure safe
conditions and control of contaminated materials.

D.2.4.1 No-Action Alternative: Off-site Public Radiation Doses and Risks

For the no-action alternative, the estimated off-site public exposures would be minimal (far less
than those from active reclamation) because there would be no processing or stabilization of
radioactive material. If conditions deteriorated such that environmental releases of radioactivity
could occur, NRC would require SFC to take corrective measures. There would be no
atmospheric release of radionuclides in soil suspended in air or facility effluents. Therefore, this
analysis did not estimate off-site public doses or risks for the no-action alternative.

D.2.4.2 No-Action Alternative: Worker Radiation Doses and Risks

Under the no-action alternative, trained radiation workers employed by or under contract to SFC
would conduct routine maintenance and surveillance tasks during the continuing license phase.
Worker radiation doses would be similar to those observed historically at the SFC site. Table
D-28 lists the annual occupational TEDEs for SFC employees for the period from 1995 through
2004 (SFC, 2005; Table 4-5). The annual TEDE would account for radiation from external
sources as well as internal sources that resulted from inhalation of airborne radioactive material.
As listed in Table D-28, the average worker TEDE would be 0.27 millisievert (27 millirem rem)
per year. This analysis assumed that average annual worker doses would continue for as long as
SFC maintained the license. The analysis assumed that the maximum annual worker dose would
be the highest average value in Table D-28 — 1.2 millisievert (120 millirem) per year. These
doses are well within the NRC occupational radiation protection standard of 50 millisievert (5
rem) per year. SFC estimates that it would take seven workers to perform continuing
maintenance and surveillance activities under the no-action alternative (SFC, 2005; Section
2.1.1). The analysis estimated lifetime doses to these workers by assuming that each worker
would spend 30 years employed at the site under continuing license conditions. The lifetime
TEDE to the average worker would be 8.0 millisievert (800 millirem), and the lifetime TEDE to
the maximally exposed worker would be 36 millisievert (3,600 millirem). The estimated annual
collective TEDE to the seven workers would be 0.002 person-sievert (0.20 person-rem) per year,
and the lifetime collective dose (assuming all seven workers spent 30 years at the site) would be
0.056 person-sievert (5.6 person-rem). Table D-29 summarizes these occupational doses. The
analysis did not estimate collective doses over the license continuation period because the length
of the continuing licensing period is indeterminate.
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Table D-28 Measured Occupational Dose for Sequoyah Fuels Corporation

Number of Individuals in Each Range
Average
Dose
0tol1mSvlyr | 1to2.5mSvlyr | >2.5 mSv/yr (TEDE)
Less than (0 to 100 (100 to 250 (>250 mSv/yr
Year | Measurable mrem/yr) mrem/yr) mrem/yr) (mrem/yr)
1995 34 18 0 0 0.14 (14)
1996 7 3 0 1 1.19 (119)
1997 7 3 4 0 0.16 (16)
1998 8 17 1 0 0.27 (27)
1999 15 7 0 0 0.23 (23)
2000 1 4 0 0 0.04 (4)
2001 0 5 0 0 0.28 (28)
2002 1 4 0 0 0.21 (21)
2003 3 3 0 0 0.16 (16)
2004 6 0 0 0 0
Overall Average Dose 0.27(27)

Table D-29 Estimated Worker Radiation Doses for the No-Action Alternative

Individual Individual | Collective Annual Collective
Annual Dose Lifetime Dose Lifetime Dose
mSv/yr Dose mSv/yr | person-sievert/yr | person-sievert
Dose Receptor (mrem/yr) (mrem) (person-rem/yr) | (person-rem)
Average Worker 0.27 (27) 8.0 (800) 0.002 (0.20) 0.056 (5.6)
Doses during License
Continuation
Maximum Worker 1.2 (120) 36 (3,600) N/A N/A

Doses during License
Continuation

The analysis estimated individual annual and lifetime probabilities of LCFs for the industrial
workers under the no-action alternative using a dose-to-risk conversion factor of 4x107 per

millisievert (4x107 per millirem) (ICRP, 1990) and an assumed employment time of 30 years.
Table D-30 lists the estimated probabilities of LCFs. The estimated annual probability of an

LCF to the average industrial worker would be 1.1x107, and the estimated lifetime probability of

an LCF would be 3.3x10™. The annual and lifetime probabilities of an LCF to the maximally
exposed worker would be 4.8x10” and 1.4x10°®, respectively. The estimated risks would be
low, and the annual radiation doses would be within the regulatory limit of 50 millisievert (5

rem) per year; therefore, the significance level of worker radiation exposures and risks during

institutional controls would be SMALL.
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Table D-30 Estimated Probabilities of LCFs to Workers for
the No-Action Alternative

Individual Individual
Dose Receptor Annual Risk | Lifetime Risk
Average Worker Risks during 1.1x107 3.3x10™
License Continuation
Maximum Worker Risks 4.8x107 1.4x10°°
during License Continuation

D.2.4.3 No-Action Alternative: Long-term Public Doses after Loss of License Controls

Because of the long half-lives of the radionuclides at the SFC facility and site, it may be possible
that at some point in the future the license conditions could lapse. In this event, members of the
public could have access to the site, which could result in the resident farmer scenario described
for Alternative 1. SFC derived CLs and DCGLs for the site (see Section D.2.1.3) without
consideration of any institutional controls and solely in relation to the dose from pathways that
relate to residual radioactive materials in surface soil. SFC developed the derivation of DCGLs
based on a radiation exposure scenario analysis using the RESRAD computer program (Yu et.
al., 2001) and applying the benchmark dose approach. The DCGLs served as the starting point
for the analysis of public doses and risks for the no-action alternative. The DCGLs represent an
MEI dose of 0.54 millisievert (54 millirem) per year for each of natural uranium, thorium-230,
and radium-226. For alternatives involving the remediation or decontamination of soil, the sum-
of-ratios approach would limit the dose for any mixture to 0.54 millisievert (54 millirem) per
year. For the no-action alternative, however, the doses to the MEI would not be limited to 0.54
millisievert (54 millirem) per year because no remediation or decontamination would occur. The
analysis estimated the MEI dose by dividing the existing contamination concentrations for each
radionuclide by the appropriate DCGL (to determine how much in the residual contamination
would be in excess of the DCGLSs), multiplied that result by the benchmark dose of

0.54 millisievert (54 millirem) per year, then summed over the radionuclides. Because it is not
possible to determine the condition of the residual radioactive contamination when the license
conditions could lapse, the analysis made two estimates: (1) doses based on the average soil
concentrations, and (2) doses based on the maximum soil concentrations. Table D-31 lists the
average and maximum soil contamination concentrations, summarizes them, and provides the
sum of ratios to the DCGLs for the three radionuclides.

Table D-31 Average and Maximum Soil Concentrations Used in the No-Action
Alternative Public Dose Evaluation

Natural Sum of
Uranium Thorium-230 | Radium-226 Ratios to
Contamination Level Ba/g (pCi/g) Ba/g (pCi/g) Ba/g (pCi/g) DCGLs?
Average Site 72 (1,940) 76 (2,063) 2.6 (71) 49
Maximum 221 (5,978) 756 (20,400) 12 (317) 383
(Contaminated Area 2,
Clarifiers)

& The sum of the ratio of the radionuclide concentration to the DCGL, summed over each radionuclide.
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The analysis estimated the MEI dose for the average and maximum contamination levels by
multiplying the sum of ratios in Table D-31 by the benchmark dose of 0.54 millisievert (54
millirem) per year. The resulting MEI doses would be about 26 millisievert (2,600 millirem) per
year for the average soil concentration and 210 millisievert (21,000 millirem) per year for the
maximum soil concentration. These doses are far in excess of the 1-millisievert-per-year (100-
millirem-per-year) dose limit for members of the public. The estimated lifetime doses, assuming
70 years of site occupancy, would be about 1,800 millisievert (180,000 millirem) for the average
soil concentration condition, and 14,000 millisievert (1,400,000 millirem) for the maximum soil
concentration condition.

Table D-32 lists the estimated individual probabilities of LCFs for the no-action alternative.
These estimates use a dose-to-risk conversion factor of 6x10 per millisievert (6x107 per
millirem) (Eckerman et al., 1999) and an assumed residency time of 70 years.

Table D-32 Estimated Probabilities of LCFs for the Public
Radiation Risks for the No-Action Alternative after License
Conditions Lapse

Individual Individual
Contamination Level Annual Risk | Lifetime Risk
Average Contamination Level 1.6x10° 1.1x10™"
Risks to the Public
Maximum Contamination 1.2x10 8.7x10™
Level Risks to the Public

The estimated lifetime probability of an LCF for the average soil concentration would be
1.1x10™, and that for the maximum soil concentration would be 8.7x10™%. The estimated
probabilities of LCFs would be more significant than for the other alternatives and, for the
maximum soil concentration, they would be more likely than not to result in an LCF (a
probability greater than 0.5). Further, the annual radiation doses would be far in excess of the
regulatory limit of 1 millisievert (100 millirem) per year; therefore, the significance level of
public radiation exposures and risks for the no-action alternative would be HIGH.

D.3  Screening Level Risk Analysis for Chemicals

A screening-level risk analysis was performed in order to assess potential adverse health effects
associated with chemical (nonradiological) contamination in soils and sediments at the SFC site.
Soil and sediment data from previously conducted investigations were compared to background
soil concentrations and human health-based, medium-specific screening levels for residential
use. Data presented in the following reports serves as the basis for this comparison:

e Sequoyah Fuels Corporation Site Characterization Report (SFC, 1998);

e Sequoyah Fuels Corporation Facility Environmental Investigation Findings Report, Vol-
umes 1-5 (SFC, 1991);

e Sequoyah Fuels Corporation Final RCRA Facility Investigation Report (SFC, 1996).
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Soil data from these reports were compared to EPA Region 6 Human Health Medium-Specific
Screening Levels for residential use (EPA, 2007a). The Region 6 values consider exposure via
incidental ingestion of soil, dermal contact with soil, and inhalation of soil particulates. These
values were developed using equations from EPA guidance and commonly used EPA default
exposure factors. Toxicity information and other chemical factors used to develop screening
levels are published by the EPA or academic sources. The Region 6 soil screening values (EPA,
2007a) are based on a noncancer hazard index of 1 and a total excess cancer risk of 1E-06 (1 ina
million, or 1x10°). If the concentrations of nonradiological contaminants at a site do not exceed
the applicable screening levels, there would be no expectation of adverse health effects resulting
from exposure to site contamination screened using this method. Table D-33 below presents the
screening values used for this assessment.

Table D-33 EPA Region 6 Human Health Medium-Specific Screening

Levels
Residential Soil Screening
Analytes Level (mg/kg)
Aluminum 7.6E+04
Antimony and compounds 3.1E+01
Arsenic (cancer endpoint) 3.9E-01
Barium and compounds 1.6E+04
Beryllium and compounds 1.5E+02
Cadmium and compounds 3.9E+01
Total Chromium (1/6 ratio Cr VI/Cr 111) 2.1E+02
Cobalt 9.0E+02
Copper and compounds 2.9E+03
Fluoride 3.7E+03
Iron 5.5E+04
Lead 4.0E+02
Lithium 1.6E+03
Manganese and compounds 3.2E+03
Mercury and compounds 2.3E+01
Molybdenum 3.9E+02
Nickel and compounds 1.6E+03
Nitrate® 1.3E+05
Selenium 3.9E+02
Silver and compounds 3.9E+02
Strontium, stable 4. 7E+04
Thallium 5.5E+00
Vanadium 3.9E+02
Zinc 2.3E+04

% Region 6 does not publish a value for nitrate in soil. This value is the Region 3 Risk-Based

Screening Level for residential exposure (EPA, 2007b).

D-31



In addition to comparing site data to Region 6 screening values, concentrations of chemicals
detected in soils and sediment were compared to background concentrations. A soil background
evaluation was conducted as part of the Sequoyah Fuels Corporation RCRA Facility
Investigation (RFI; SFC, 1996) In summary, background soil samples were collected from four
off-site locations within 8 kilometers (5 miles) of the SFC facility. The background soil sample
locations were selected to represent the three main soil series that are encountered in the
Industrial Area. Sample locations were selected such that anthropogenic influences were
minimized. Drainage ways, paved surfaces, railroads, and agricultural (cropland) areas were
avoided. At three of the four background locations, soil samples were collected from three
boreholes, which were approximately 30.5 meters (100 feet) apart in a triangular pattern.
Samples from two profiles from each of the three boreholes were collected and composited for
analyses. The fourth background sample was collected from a single location. Each borehole
was advanced to a maximum depth of 1.2 meters (4 feet). The background concentrations of
metals that were analyzed during the RFI are provided in Table D-34. From the results presented
in the RFI, SFC determined there were no apparent differences in metals concentrations for the
various soil series sampled. Therefore, all background soil samples were grouped together for
determination of background soil concentrations (SFC, 1996). Background sample analytical
results were compiled for each parameter, and calculations were performed to determine the
mean and standard deviations. The RFI established a “prediction interval” for each metal at the
99% confidence level. The upper prediction interval is the arithmetic mean plus three standard
deviations. The results of this statistical analysis are presented in Table 3.4-3.

Table D-34 Background Concentrations of Metals

Analyte Background Value (mg/kg)
Aluminum 16,760
Antimony 10
Arsenic 39.8
Barium 188.4
Beryllium 1.6
Cadmium 8.1
Ch